climbing angle. The multiple UAVs' three dimensional path planning in dynamic environment are tested. Simulation results prove the validity and practicability of the algorithm.
I.
INTRODUCTION
When UAV executes missions in the complex environment, it is required to be able to adapt to the environment and can automatically plan flyable path online under encountering obstacles. As the motion of the UAV's platform is high-speed in real time, the independent control system of platform must operate and compute in real time. As a result, lots of offline methods which are time-consuming and have large calculation quantity, such as some intelligent optimization algorithms [1] , aren't applied directly.
Some scholars put forward that the curve can be applied to path planning directly, which is easy to trace, for example, Dubins curve is applied to multiple UAVs' path planning which Shanmugavel, M.,et al [2] propose. Dubins path is composed by segmental arc and straight line, and from the perspective of the theory of differential geometry, in order to get a smooth flight path, the first two derivative of the path exists at least, that is, the curvature of the curve is continuous. Dubins path is the curve of C 1 type, but not the curve of C 2 type. Literature [3] gives the method of obtaining the path of continuous curvature by Clothoids curve. And the curvature changes linearly along the path, but the length of the path is not easy to generate closed solution.
K.G. Jolly [4] applies the Bezier curve to the mobile robot's path planning. Literature [5] plans the parafoil terminal guidance path using the Bezier curve. Literature [6] plans the three dimensional flight path for UAV by using the Bezier curve of seven order, which considers climbing angle, curvature, torsion and so on system performance constraints. At present, Pythagorean Hodograph (PH) curve is widely used in aircrafts' on-line path planning [7] [8] [9] [10] , and the planning path is a path of C 2 type which the curvature is continuous. In contrast to other curves, it has a lot of advantages. The overall curvature of the curve is small. The length, curvature and bending energy of the curve can be calculated in closed form. The position and direction of the start point and end point are directly used in boundary conditions. The length and curvature can be coordinated easily. The generation of PH curve can be based on the Bezier spline curve, so it also has the advantages of the Bezier curve. Among them, the quintic PH curve is the lowest order PH curve which contains inflection points. Inflection points make the flight path have better flexibility, and to plan flight path better.
The generation method of PH curve path is given in literature [7] . Considering the performance constraints, such as curvature constraint, torsion constraint and so on, the length of beginning and ZHANG Yi, YANG Xiu-xia, ZHOU Wei-wei and ZHAO He-wei, STUDY OF THREE-DIMENSIONAL ON-LINE PATH PLANNING FOR UAV BASED ON PYTHAGOREAN HODOGRAPH CURVE ending tangent vector on the PH control points should increase when the generated flight path doesn't meet the requirements of constraints, and the length of flight path will increase at the same time. But the optimal coordination of the two parameters' selection isn't studied in literature, and the path planning only considers the slow-moving or static obstacles on the plane and doesn't consider in three-dimensional path planning. Literature [9] adopts RRT (Rapid-Extended Random Tree) technology to find the path points, and then the two-dimensional path of PH curve is generated which uses multiple Pythagorean Hodograph (PH) curves to connect spanning trees. Literature [8] uses the PH curve to conduct three-dimensional path planning under the conditions of maximum curvature, torsion and climbing angle. The method of control parameters' iteration, according to the climbing angle, is given in this literature, and it makes the path flyable by increasing the length of the tangent vector on control points for the curves that don't satisfy the performance indicators. Essentially, this method belongs to fixed step iteration method, and does not consider the mutual influence of the tangent vectors on the starting and ending points. Besides, the iteration step-size is too long and the method easily makes the planning path too long.
In this paper, considering the dynamic performance constraints of curvature, torsion and climbing angle at the time of flying, the quintic PH curve is adopted to conduct three-dimensional path planning and the continuous curvature path can be planned online based on the current flight states of UAV and the motion information of target point. The value ranges of parameters are given by analyzing the influence of important planning parameters on the path's generation and combining with literature [8] . On this basis, Estimation of Distribution Algorithms [11] is adopted to the optimization and selection of path's parameters that is suitable for solving the problem, which avoids the blindness of parameters' selection in literature. In the process of obstacle avoidance, if the relative movement trend between the UAVs and the objects can be considered, then better effects of collision avoidance can be got. There have been many attempts to apply kinematic methods to solve the problem of collision detection. In literature [12] [13] [14] [15] [16] , the notion of velocity obstacle is introduced for collision detection and resolution. In literature [12] , collision cones(CC) is used for three-dimensional conflict resolution and the plane reduced-order [12] obstacle avoidance is adopted to conduct autonomous obstacle avoidance online based on the theory of speed-obstacle method. In this paper, the speed-obstacle method based on the 
Among them,
and max  is the biggest climbing angle constraint of UAV.
Farouki [18] points out that the curvature changes smoothly which the curve has the minimum energy and the planning path can be tracked easily. The bending energy, length of path, curvature constraint, torsion constraint and climbing angle constraint of planning path can be considered at the time of planning online. The calculation formula of performance index is given below.
(1) Considering climbing angle, the bending energy of path can be expressed as
In order to simplify the calculation, the literature [9] simplifies equation (4) into the form of equation (5) .
(2) Length of path At the time of planning three-dimensional PH path, the appropriate polynomial   t  is selected to
, so the accurate length   st of path can be calculated based on
Among them, the length of path that changes uniformly along the path can be obtained from the uniform variation of t .
(3) Performance indicator 
The performance indicator J consider the constraints of curvature, torsion, climbing angle and the length of path comprehensively, which can make re-planning path satisfy the requirements of performance indicator and can quickly reach the goal.
b. Generation of three-dimensional PH path
The spatial polynomial curve
can be expressed by the method of quaternion, and it is PH curve only when () rt meets the following form,
In order to define spatial PH curve, to consider quadratic Bezier polynomial
Its coefficients of quaternion are:
According to the equation (9), the length of path can be accurately calculated by using the formula (6) .
The relationship of 6 control points 05 PP , which the generation of three-dimensional PH curve needs, is given in literature [8] . ,,
is the ending point.
The parameters in the formula (7)  can be solved according to the formula (15) .
As the ending point's coordinates   5 ,
,
of tangential direction f dp are known, the free variables 2 A and 2  can be solved according to the formula (16) .
According to the formula (17), 1 A can be solved. 
is the direction cosine of c , and 1  is the free variable. c can be obtained from formulas (18)and (19).
Abbreviated to: 
That is, the PH curve can be solved. cos cos should be comprehensively considered with the location of starting and ending points, the start-end tangents' direction angles and so on.
In complex battlefield environment equipped with dynamic threats and so on, if the path needs to be re-planned according to sensors' information, so the insertion point and speed direction of a new path can be given, and then the optimizing generated method of path in this paper can be used for re-planning path quickly under the conditions of new path's start-end points.  . At present, the iteration method and try method are widely used for satisfying the requirements of the system's performance in literatures [7, 8] . At the same time, the way that the values of s  , f  increase at the same time [9] ignores the coordinating role between them.
In order to solve the above problem, the ranges of parameters' values that satisfy system's performance constraints are given below, and the method of quick path planning that meets the requirements of performance indexes is obtained by using Estimation of Distribution Algorithms. 
0.375 0.331 , the values in interval 11 [ , ] jj ab are selected to randomly generate new genes.
The interval probability estimation model based on elite individuals is adopted to make the excellent genes improve quickly in the next generation and speed up the process of evolution.   . The obstacle avoidance result that takes the horizontal plane as the plane of obstacle avoidance is given in Fig.15 . Figure 15 .
The Result of the obstacles Avoidance in horizontal plane
It can be seen from the simulation results that UAV successfully realize the obstacle avoidance.
The horizontal or vertical plane can be selected as the plane of obstacle avoidance according to specific needs.
VI. CONCLUSION
Considering the curvature, torsion and climbing angle constraint and so on dynamic performances during UAV flights, the quantic PH curve is used to generated three dimensional path, and based on the UAV's current coordinates, speed, flight state and target point's coordinates, speed and so on information, the flyable path that is curvature continuous can be real-timely planned, which provides a kind of good practical and feasible method that can realize autonomous planning and quickly generate flyable path in the real-time dynamic environment for UAV.
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